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Introduction  

The Fall Midwater Trawl (FMWT) survey has been conducted by the California Department of Fish and Wildlife 
(CDFW) since 1967. The survey was established to examine relative abundance and distribution of juvenile 
(typically 6-14 cm FL) pelagic fish species in the San Francisco estuary, focusing initially on age-0 Striped Bass 
(Stevens 1977). Striped Bass was the initial focus of the survey because it was considered an important sport fish 
and there were concerns over the environmental changes in the estuary resulting from the development of federal 
and state water projects and thus a need to develop operating criteria for the water projects that would minimize 
damage to the bass populations (Stevens 1977). The sampling range for FMWT was spread throughout the Delta 
downstream to San Pablo Bay because this was the known nursery area for young Striped Bass (Turner and 
Chadwick 1972). Later, FMWT developed abundance and distribution information for other upper-estuary pelagic 
fishes, including American Shad, Threadfin Shad, Delta Smelt, Longfin Smelt, and Splittail. FMWT is among the 
oldest and most spatially broad sampling programs in the estuary, currently sampling 122 stations monthly from 
September through December (Fig. 1). Trawl sampling ranges from western San Pablo Bay to Hood on the 
Sacramento River, and from Sherman Lake to Stockton on the San Joaquin River. Since 2009, we also conduct 
meso- and macro-zooplankton sampling at a subset of 32 stations to better understand the food web dynamics 
of the local fish community. This additional sampling helps inform if reduced or altered prey abundance is a 
contributing factor in fish population declines. 

With the FMWT sampling annually for over 50 years, this dataset has provided a solid baseline of understanding of 
relative abundance and distribution trends of fish in the San Francisco Estuary. FMWT is one of many long-running 
surveys conducted in the San Francisco Estuary, each targeting different species, life stages, and time of year 
(Tempel et al. 2021). Over 50 peer reviewed publications have used these data and it is frequently used by water 
managers to determine water export volumes for the multi-billion dollar agricultural industry in the Central Valley 
and municipal use for over 25 million residents throughout California. Long term studies like the FMWT are 
important in describing how and why the environment is changing, understanding the regulation and functioning 
of ecological communities, linking biological patterns to environmental variability, and informing of human 
influences on ecosystems (McGowan 1990; Cody and Smallwood 1996; Ducklow et al. 2009; Clutton-Brock and 
Sheldon 2010; Magurran et al. 2010; Nelson et al. 2011; Likens 2012; Lindenmayer et al. 2012; Hofmann et al. 
2013; Hughes et al. 2017). For example, FMWT data has helped highlight a dramatic estuary-wide decline in fish 
populations (Sommer et al. 2007; Baxter et al. 2010; Nally et al. 2010; Thomson et al. 2010) and resilience 
abilities of fish communities to long term drought cycles in the estuary (Mahardja et al. 2021). 

The objective for this report was to summarize the annual environmental variables and catch patterns that are not 
reported in other annual memos. The goal of the 2020 field season was to sample all stations safely and 
efficiently, counting all fish and invertebrates and measuring the fork lengths of the first 50 individuals of a single 
fish species for each station. Various weather and water quality conditions were also recorded at each station. 
The first survey began September 8, 2020 and the final survey was completed on December 15, 2020. 
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Figure 1. Map of FMWT station locations, regional groupings, and station index designations. 

Methods and Gear  

The FMWT trawl net consists of a 12 x 12 ft mouth, 58 ft long, starting with 8 inch mesh near the mouth tapering 
down multiple mesh sizes to 1/2 inch stretched mesh at the cod end. The net is retrieved obliquely through the 
water column according to a tow schedule which varies with water depth. Metal planing doors fixed at each 
corner of the mouth of the net help keep the mouth open during sampling. Further details on sampling methods 
and gear can be found in the FMWT protocol document 
(https://filelib.wildlife.ca.gov/Public /TownetFallMidwaterTrawl/FMWT%20Data/FMWT%20Protocol.pdf). 

The typical unit for reporting catch used below is catch per unit effort (CPUE). For FMWT, we calculate CPUE as 
total species catch divided by water volume of the trawl (as calculated from flowmeter values) in units of cubic 
hectares (i.e. catch per cubic hectare; see 
https://filelib.wildlife.ca.gov/Public /TownetFallMidwaterTrawl/FMWT%20Data/CPUE%20and%20Index%20Calcu
lation%20Instructions.doc). 

The crew typically includes an Environmental Scientist (ES), a Fish and Wildlife Scientific Aid (Sci Aid), and a Mate. 
The Mate is responsible for driving and maintaining the boat, while the ES and Sci Aid operate the winches, deploy 
the net, and conduct all sample collection. The survey currently takes 10-12 days to sample all 122 stations every 
month. 

https://filelib.wildlife.ca.gov/Public/TownetFallMidwaterTrawl/FMWT%20Data/FMWT%20Protocol.pdf
https://filelib.wildlife.ca.gov/Public/TownetFallMidwaterTrawl/FMWT%20Data/CPUE%20and%20Index%20Calculation%20Instructions.doc
https://filelib.wildlife.ca.gov/Public/TownetFallMidwaterTrawl/FMWT%20Data/CPUE%20and%20Index%20Calculation%20Instructions.doc
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2020 Field Season 

Despite many challenges this year from wildfire smoke from surrounding areas and a Coronavirus Disease 2019 
(COVID-19) global pandemic, sampling was nearly complete at 121 fish tows and 31 zooplankton tows (Clark-
Bumpus and Mysid nets) for each month of sampling in 2020 (Table 1). The exception was station 721 in Cache 
Slough, which has become increasingly overgrown with dense aquatic vegetation the past few years. This 
vegetation completely fouls our gear and makes effective sampling of this station impossible (Fig. 2). Besides 
routine sampling, additional zooplankton and phytoplankton sampling was conducted at 11 stations biweekly in 
September and October for the Suisun Marsh Salinity Control Gate study on behalf of the California Department 
of Water Resources (Table 1). Overall, 2020 sampling contributed to the FMWT annual abundance indices, 
USFWS Delta Smelt Recovery Index, and DWR Suisun Marsh Salinity Control Gate the DWR Suisun Marsh Salinity 
Control Gate (SMSCG) special study with addition of phytoplankton samples collected at a subset of stations. 

 

The 2020 field season was filled with unique challenges due to COVID restrictions and wildfire smoke. In 
September, 3 field days were skipped due to harmful air quality levels resulting from large wildfires in the 
surrounding areas (Figure 2). These delays were made up later by running two boats/crews simultaneously, 
sampling different areas. Further delays were caused by diesel fuel shortages or faulty pumps at local marinas. 
This required shortened or extra-long days to make detours to other marinas. COVID restrictions prevented staff 
from carpooling which caused logistical challenges, a shortage of available work vehicles, and schedule changes 
to accommodate boat moves between marinas. 

 

 

Figure 2. Challenges during field sampling in 2020. Left: Approximately 200 pounds of invasive aquatic vegetation 
fouling FMWT net at station 721 in Cache Slough. Right: Poor air quality canceled sampling on September 9, 2020. 
Photo taken September 9, 2020 at 7:34 am on the Napa River near Vallejo, CA. 

 

Table 1. Number of Fish, Clark-Bumpus (CB), Mysid, and Phytoplankton samples collected at each station during 
the 2020 Fall Midwater Trawl Survey season conducted monthly September-December. All planned station 
sampling were accomplished with the exception of station 721 due to aquatic vegetation preventing sampling. 

Station Region Index Delta Smelt Recovery Index Fish net CB net Mysid net Salinity Control Gate Phytoplankton 

305 Far West Index  4 0 0 0 0 
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Station Region Index Delta Smelt Recovery Index Fish net CB net Mysid net Salinity Control Gate Phytoplankton 

306 Far West Index  4 0 0 0 0 

307 Far West Index  4 0 0 0 0 

308 Far West Index  4 0 0 0 0 

309 Far West Index  4 0 0 0 0 

310 Far West Index  4 0 0 0 0 

311 Far West Index  4 0 0 0 0 

314 Far West Index  4 0 0 0 0 

315 Far West Index  4 0 0 0 0 

321 Far West Index  4 0 0 0 0 

322 Far West Index  4 0 0 0 0 

323 Far West Index  4 0 0 0 0 

325 Far West Index  4 0 0 0 0 

326 Far West Index  4 0 0 0 0 

327 Far West Index  4 0 0 0 0 

328 Far West Index  4 0 0 0 0 

329 Far West Index  4 0 0 0 0 

334 Far West Index  4 0 0 0 0 

335 Far West Index  4 0 0 0 0 

336 Far West Index  4 0 0 0 0 

337 Far West Index  4 0 0 0 0 

338 Far West Index  4 0 0 0 0 

339 Far West Index  4 0 0 0 0 

340 Far West Index  4 0 0 0 0 

341 Far West Non-Index  4 0 0 0 0 

401 Far West Index  4 0 0 0 0 

403 Far West Index  4 0 0 0 0 

404 Far West Index  4 0 0 0 0 

405 Far West Index  4 4 4 0 0 
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Station Region Index Delta Smelt Recovery Index Fish net CB net Mysid net Salinity Control Gate Phytoplankton 

406 Far West Index  4 0 0 0 0 

407 Far West Index  4 0 0 0 0 

408 Far West Index  4 0 0 0 0 

409 Far West Index  4 0 0 0 0 

410 Far West Index Sept-Oct 4 0 0 0 0 

411 Far West Index  4 4 4 0 0 

412 Far West Index Sept-Oct 4 0 0 0 0 

414 Far West Index Sept-Oct 4 0 0 0 0 

415 Far West Index  4 0 0 0 0 

416 Far West Index Sept-Oct 4 4 4 2 0 

417 Far West Index  4 0 0 0 0 

418 Far West Index Sept-Oct 4 4 4 0 0 

413 West Index  4 0 0 0 0 

501 West Index Sept-Oct 4 4 4 0 0 

502 West Index  4 0 0 0 0 

503 West Index Sept-Oct 4 0 0 0 0 

504 West Index  4 4 4 0 0 

505 West Index Sept-Oct 4 0 0 0 0 

507 West Index Sept-Oct 4 0 0 0 0 

508 West Index  4 4 4 2 0 

509 West Index Sept-Oct 4 0 0 0 0 

510 West Index  4 0 0 0 0 

511 West Index Sept-Oct 4 0 0 0 0 

512 West Index  4 0 0 0 0 

513 West Index Sept-Oct 4 4 4 2 0 

515 West Index Sept-Oct 4 0 0 0 0 

516 West Index  4 0 0 0 0 

517 West Index Sept-Oct 4 0 0 0 0 

518 West Index  4 0 0 0 0 

519 West Index Sept-Oct 4 4 4 2 0 

601 West Index  4 0 0 0 0 
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Station Region Index Delta Smelt Recovery Index Fish net CB net Mysid net Salinity Control Gate Phytoplankton 

602 West Index Sept-Oct 4 4 4 2 0 

603 West Index  4 0 0 0 0 

604 West Index Sept-Oct 4 0 0 0 0 

605 West Index  4 1 1 2 3 

606 West Index Sept-Oct 4 4 4 2 3 

608 West Index Sept-Oct 4 4 4 0 0 

701 West Index Sept-Oct 4 0 0 0 0 

703 West Index Sept-Oct 4 0 0 0 0 

704 West Index  4 4 4 2 3 

705 West Index Sept-Oct 4 0 0 0 0 

802 West Index Sept-Oct 4 4 4 2 3 

804 West Index Sept-Oct 4 4 4 0 0 

806 West Index Sept-Oct 4 0 0 0 0 

807 West Index  4 0 0 0 0 

808 West Index Sept-Oct 4 0 0 0 0 

706 North Index  4 4 4 2 3 

707 North Index Sept-Oct 4 4 4 2 0 

708 North Index  4 0 0 0 0 

709 North Index Sept-Oct 4 0 0 0 0 

710 North Index  4 0 0 0 0 

711 North Index  4 6 6 0 0 

712 North Non-Index  4 0 0 0 0 

713 North Non-Index  4 0 0 0 0 

715 North Non-Index  4 0 0 0 0 

716 North Non-Index  4 4 4 0 0 

717 North Non-Index  4 0 0 0 0 

719 North Non-Index  4 4 4 0 0 

72 North Non-Index  4 0 0 0 0 

723 North Non-Index  4 4 4 0 0 

721 North Non-Index  0 0 0 0 0 

724 North Non-Index  4 0 0 0 0 
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Station Region Index Delta Smelt Recovery Index Fish net CB net Mysid net Salinity Control Gate Phytoplankton 

73 North Non-Index  4 0 0 0 0 

735 North Non-Index  4 0 0 0 0 

736 North Non-Index  4 0 0 0 0 

795 North Non-Index  4 4 4 0 0 

796 North Non-Index  4 4 4 0 0 

797 North Non-Index  4 4 4 0 0 

809 South Index  4 4 3 0 0 

810 South Index Sept-Oct 4 0 0 0 0 

811 South Index  4 0 0 0 0 

812 South Index Sept-Oct 4 4 4 0 0 

813 South Index  4 0 0 0 0 

814 South Index Sept-Oct 4 0 0 0 0 

815 South Index  4 4 3 0 0 

902 South Index  4 0 0 0 0 

903 South Index Sept-Oct 4 0 0 0 0 

904 South Index Sept-Oct 4 0 0 0 0 

905 South Index  4 0 0 0 0 

906 South Index Sept-Oct 4 4 4 0 0 

908 South Index Sept-Oct 4 0 0 0 0 

909 South Index  4 0 0 0 0 

910 South Index  4 4 4 0 0 

911 South Index  4 0 0 0 0 

912 South Index  4 4 4 0 0 

913 South Index  4 0 0 0 0 

914 South Index  4 0 0 0 0 

915 South Index  4 0 0 0 0 

919 South Non-Index  4 4 4 0 0 

920 South Non-Index  4 0 0 0 0 

921 South Non-Index  4 0 0 0 0 
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Station Region Index Delta Smelt Recovery Index Fish net CB net Mysid net Salinity Control Gate Phytoplankton 

922 South Non-Index  4 0 0 0 0 

923 South Non-Index  4 0 0 0 0 

Total    484 127 125 22 15 

Abiotic variables  

Water clarity  

Secchi disk depth (cm) varied considerably across the estuary (Fig. 3). Generally, water was least clear 
throughout Carquinez Strait (stations in the 400s), Suisun Bay (Stations in the 500-600 range), and the upper 
portion of the Sacramento River Deep Water Shipping Channel (stations 795-797; DWSC). In September, a 
southern DWSC station saw an unusually high secchi value of almost 500 centimeters. Water was relatively clear 
(200-300 cm secchi depth) throughout the southern and eastern stations (stations in the 900s) for the entirety of 
the survey. Previous studies have documented a negative correlation between fish catch and high Secchi values 
(MacNally et al. 2010), which varies between species. For example, larval Longfin Smelt are more likely to be 
caught in the secchi depth range of 0-80 cm (Grimaldo et al. 2017) and adult Longfin Smelt catch is greatest at 
depths less than 50 cm (Lewis et al. 2019). Latour (2016) found CPUE decreased 75% once secchi depth reach 
35, 50, 53, and 112 cm for Delta Smelt, Longfin Smelt, Age-0 Striped Bass, and Threadfin Shad, respectively. 
Therefore, in the heatmap of secchi values below (Fig. 3), stations with dark purple boxes (<100 cm secchi depth) 
represent stations with the highest likelihood of fish occurrence, which quickly decreases as the color scale 
transitions to blues, greens, and yellow. 

 

Turbidity (NTU) is a similar but more precise metric of measuring water clarity compared to secchi depth. Higher 
turbidity values indicate more opaque water. The heatmap of turbidity values during the 2020 FMWT survey (Fig. 
4) show a similar pattern as the secchi values. The northern part of the DWSC, northern Suisun Bay/Montezuma 
Slough, and Carquinez Strait showed the most turbidity while the rest of the estuary was relatively clear. 
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Figure 3. Heatmap of monthly secchi disk values (cm) recorded during the 2020 FMWT season. Dark purple values 
represent the most suitable conditions for many fish species with preference for turbidity. 
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Figure 4. Heatmap of surface water turbidity (NTU) recorded during the 2020 FMWT season. Grey values indicate 
missing data. The northern part of the DWSC, western and northern Suisun Bay were the most turbid regions. 


